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Abstract A convenient route for the synthesis of lipo-

philic N-Fmoc-N-methyl-a-amino acids and N-nosyl-N-

methyl-a-amino acids, interesting building blocks to be

used for the preparation of N-methylated peptides, is pre-

sented. Both nosyl- and Fmoc-protected monomers are

accessible, so these compounds can be used in solution as

well as in solid phase peptide synthesis. The methodology

is based on the use of benzhydryl group to protect tem-

porarily the carboxyl function of N-nosyl-a-amino acids

and on the subsequent methylation of the N-nosyl-a-amino

acid benzhydryl esters with diazomethane. The benzhydryl

esters offer several beneficial features such as simple

preparation, stability to methylation and selective depro-

tection under mild conditions. The overall procedure is

highly efficient in that the adopted conditions keep the

chiral integrity of amino acid precursors and the process

does not require chromatographic purification of the

methylated products.
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Introduction

N-Methylation of short peptide sequences protected on

the carboxyl function as methyl esters was performed by

a successful procedure that involves the protection of the

terminal amino function with the p-nitrobenzenesulfonyl

group (nosyl group) and the subsequent N-methylation of

the resulting peptides with an ethereal solution of

diazomethane (Di Gioia et al. 2003, 2005). The methyl-

ation of N-nosyl-protected amino acids and peptides with

diazomethane affords the expected methylation of the

sulfonamide nitrogen atom after the formation of the

methyl ester at the carboxyl function. In peptide synthe-

sis, the methyl ester cleavage is normally performed with

difficulty and could cause racemization of the amino acid

chiral centers, especially in the case of N-methylated

amino acids (Schröder and Lübke 1965; McDermott and

Benoiton 1973; Cheung and Benoiton 1977). The avail-

ability of N-nosyl- and N-Fmoc-protected N-methylated

amino acids represents certainly a significant advance-

ment for the incorporation of N-methylated amino acids

into peptide chains according to the nosyl- and Fmoc-

chemistry procedures both in solution and solid phase

(Miller and Scanlan 1997, 1998; Gilon et al. 2002; Biron

and Kessler 2005; Biron et al. 2006; Di Gioia et al.

2007).

Materials and methods

Melting points were determined on a Kofler hot-stage

apparatus and are uncorrected. 1H-NMR and 13C-NMR

spectra were recorded at 300 and 75 MHz, respectively,

with CDCl3 or DMSO-d6 as solvent. GC/MS analyses

were carried out on a HP-5MS (30 m 9 0.25 mm,
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PhMesiloxane 5%) capillary column. The mass detector

was operated in the electron impact ionization mode

(EIMS) with an electron energy of 70 eV. Reaction mix-

tures were monitored by TLC using silica gel 60-F254

precoated glass plates. Solvents were purified and dried by

standard procedures and distilled prior to use. When

required, the reactions were carried out under an inert

atmosphere (N2). The dichloromethane solution of diazo-

methane was prepared from N-methyl-N-nitrosourea

following a classical procedure (Arndt 1943). The con-

centration of the diazomethane solution (0.66 M) was

obtained by a backtitration performed with a standard

benzoic acid solution. All the compounds synthesized

using diazoalkanes are obtained pure enough to be directly

characterized by instrumental techniques without need for

recrystallization.

Caution. Diazomethane is highly toxic. Hence, this

reagent must be handled carefully (Arndt 1943). Dichlo-

romethane solutions of diazomethane are stable for long

periods if stored on KOH pellets at -20�C.

Preparation of diphenyldiazomethane (2)

Benzophenone hydrazone (1.05 mmol) in dry dichloro-

methane (10 mL) was treated with MagtrieveTM

(15 mmol). The mixture was stirred at room temperature

and immediately took on a purple color characteristic of

diphenyldiazomethane. Oxidation was completed within

15 min, as checked by TLC analysis (EtOAc:hexane =

1:5) of the reaction mixture. The final mixture was used

without further work-up.

N-Nosyl-a-amino acid benzhydryl esters 3a–f:

general procedure

A solution of N-nosyl-a-amino acid 1a–f (1 mmol) in

dichloromethane was added to the purple solution of

diphenyldiazomethane, prepared as previously described

(1.05 mmol). The resulting mixture was maintained under

an inert atmosphere (N2) and stirred at room temperature.

TLC analysis (solvent system A: EtOAc:hexane = 1:5;

solvent system B: Et2O:petroleum ether = 1:1) showed

complete conversion of the precursors 1a–f after 40 min.

After the reaction, MagtrieveTM was retrieved by filtration

through a celite short pad and the solution was concen-

trated under reduced pressure to afford the corresponding

benzhydryl esters 3a–f in quantitative yields.

N-Nosyl-L-valine benzhydryl ester (3a)

Yellow solid, Mp 95–97�C. Rf = 0.38 (solvent system A),

0.53 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 7.98–8.01 (m, 2 H, o-NO2), 7.82–7.92 (m, 2 H, m-NO2),

7.08–7.36 (m, 10 H, RCO2CH(C6H5)2), 6.62 (s, 1 H,

RCO2CHPh2), 5.85 (d, J = 9.2 Hz, 1 H, NH), 4.00 (m,

1 H, a-CH), 2.24 (m, 1 H, (CH3)2CH), 0.98–1.02 (m, 3 H,

(CH3)2CH), 0.82–0.88 (m, 3 H, (CH3)2CH) ppm. 13C-NMR

(75 MHz, CDCl3) d 170.1, 149.8, 145.3, 138.9, 128.6,

128.4, 128.2, 127.8, 127.5, 126.9, 126.8, 126.8, 126.6,

124.1, 78.4, 61.3, 31.6, 19.2, 17.0 ppm. GC/MS (EI) m/z

(%) 257 (100), 186 (20), 167 (54), 122 (35). Anal. calcd for

C24H24N2O6S: C, 61.52; H, 5.16; N, 5.98; O, 20.49; S,

6.84. Found: C, 61.49; H, 5.17; N, 5.96.

N-Nosyl-D-valine benzhydryl ester (3b)

Yellow solid, Mp 96–98�C. Rf = 0.38 (solvent system A),

0.53 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 7.92 (d, J = 9.1 Hz, 2 H, o-NO2), 7.81 (d, J = 9.1 Hz,

2 H, m-NO2), 7.18–7.39 (m, 10 H, RCO2CH(C6H5)2), 6.65

(s, 1 H, RCO2CHPh2), 5.88 (d, J = 9.2 Hz, 1 H, NH), 4.02

(m, 1 H, a-CH), 2.22 (m, 1 H, (CH3)2CH), 1.02

(m, J = 6.6 Hz, 3 H, (CH3)2CH), 0.82 (d, J = 6.6 Hz, 3 H,

(CH3)2CH) ppm. 13C-NMR (75 MHz, CDCl3) d 170.1,

149.8, 145.3, 138.9, 128.6, 128.4, 128.2, 127.8, 127.5,

126.9, 126.8, 126.6, 126.8, 124.1, 78.4, 61.3, 31.6, 19.2,

17.0 ppm. GC/MS (EI) m/z (%) 257 (100), 186 (20), 167

(54), 122 (35). Anal. calcd for C24H24N2O6S: C, 61.52; H,

5.16; N, 5.98; O, 20.49; S, 6.84. Found: C, 61.45; H, 5.15;

N, 5.95.

N-Nosyl-L-leucine benzhydryl ester (3c)

Yellow solid, Mp 95–97�C. Rf = 0.37 (solvent system A),

0.32 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 7.95 (d, J = 9.2 Hz, 2 H, o-NO2), 7.82 (d, J = 9.2 Hz,

2 H, m-NO2), 7.12–7.38 (m, 10 H, RCO2CH(C6H5)2), 6.58

(s, 1 H, RCO2CHPh2), 5.52 (d, J = 9.3 Hz, 1 H, NH), 4.15

(m, 1 H, a-CH), 1.80 (m, 1 H, (CH3)2CHCH2), 1.52–1.60

(m, 2 H, (CH3)2CHCH2), 0.82–1.03 (m, 6 H, (CH3)2

CHCH2) ppm. GC/MS (EI) m/z (%) 271 (60), 215 (22), 186

(28), 167 (100), 122 (21). Anal. calcd for C25H26N2O6S: C,

62.23; H, 5.43; N, 5.81; O, 19.89; S, 6.64. Found: C, 62.33;

H, 5.41; N, 5.79.

N-Nosyl-S-benzyl-L-cysteine benzhydryl ester (3d)

Yellow solid, Mp 91–93�C. Rf = 0.53 (solvent system A),

0.42 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 8.06 (d, J = 9.1 Hz, 2 H, o-NO2), 7.88 (d, J = 9.1 Hz,

2 H, m-NO2), 7.08–7.42 (m, 15 H, RCO2CH(C6H5)2 and

SCH2C6H5), 6.70 (s, J = 9.3 Hz, 1 H, RCO2CHPh2), 6.06

(d, J = 9.1 Hz, 1 H, NH), 4.35 (m, 1 H, a-CH), 3.60–3.70

(m, 2 H, SCH2Ph), 2.81–2.88 (m, 2 H, CH2SBzl) ppm.

Anal. calcd for C29H26N2O6S2: C, 61.90; H, 4.66; N, 4.98;

O, 17.06; S, 11.40. Found: C, 62.03; H, 4.65; N, 4.97.
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N-Nosyl-L-isoleucine benzhydryl ester (3e)

Yellow solid, Mp 92–94�C. Rf = 0.46 (solvent system A),

0.51 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 7.85 (d, J = 9.2 Hz, 2 H, o-NO2), 7.75 (d, J = 9.2 Hz,

2 H, m-NO2), 7.21–7.40 (m, 10 H, RCO2CH(C6H5)2), 6.58

(s, 1 H, RCO2CHPh2), 5.60 (s, J = 9.3 Hz, 1 H, NH), 3.98

(d, J = 8.3 Hz, 1 H, a-CH), 1.90 (m, 1 H, CH(CH3)

CH2CH3), 1.50 (m, 1 H, –CH(CH3)CH2CH3), 1.22 (m, 1 H,

CH(CH3)CH2CH3), 0.94 (d, J = 4.8 Hz, 3 H, –CH(CH3)

CH2CH3), 0.81 (t, J = 7.3 Hz, 3 H, CH(CH3)CH2CH3)

ppm. GC/MS (EI) m/z (%) 271 (60), 186 (28), 167 (100),

122 (21). Anal. calcd for C25H26N2O6S: C, 62.18; H, 5.43;

N, 5.81; O, 19.89; S, 6.64. Found: C, 62.23; H, 5.41; N,

5.82.

N-Nosyl-L-alanine benzhydryl ester (3f)

Yellow solid, Mp 100–102�C. Rf = 0.26 (solvent system

A), 0.34 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 8.04 (d, J = 9.2 Hz, 2 H, o-NO2), 7.88 (d, J = 9.2 Hz,

2 H, m-NO2), 7.19–7.38 (m, 10 H, RCO2CH(C6H5)2),

6.64 (s, 1 H, RCO2CHPh2), 5.76 (d, J = 9.1 Hz, 1 H,

NH), 4.23 (m, 1 H, a-CH), 1.48 (d, J = 6.0 Hz, 3 H,

CH3) ppm. GC/MS (EI) m/z (%) 229 (44), 186 (18), 167

(100), 122 (15). Anal. calcd for C22H20N2O6S: C, 59.99;

H, 4.58; N, 6.36; O, 21.79; S, 7.28. Found C, 59.99;

H, 4.59; N, 6.34.

N-Methyl-N-nosyl-a-amino acid benzhydryl esters

4a–f: general procedure

A 0.66 M solution of diazomethane in dry dichloromethane

(8 mmol) was cautiously added dropwise to a magnetically

stirred solution of the N-nosyl-a-amino acid benzhydryl

esters 3a–f (1 mmol) in dry dichloromethane (10 mL). The

resulting mixture was stirred at room temperature. TLC

analysis (solvent system A: EtOAc:hexane = 1:5; solvent

system B: Et2O:petroleum ether = 1:1) showed the com-

plete conversion of the precursors 3a–f after 1.5 h.

Evaporation of the solvent under reduced pressure afforded

the N-methyl-N-nosyl-a-amino acid benzhydryl esters 4a–f

in quantitative yields.

N-Methyl-N-nosyl-L-valine benzhydryl ester (4a)

Yellow solid, Mp 91–93�C. Rf = 0.50 (solvent system A),

0.64 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 7.95 (d, J = 8.4 Hz, 2 H, o-NO2), 7.78 (d, J = 8.4 Hz,

2 H, m-NO2), 7.16–7.38 (m, 10 H, RCO2CH(C6H5)2), 6.62

(s, 1 H, RCO2CHPh2), 4.35 (d, J = 10.5 Hz, 1 H, a-CH),

2.92 (s, 3 H, NCH3), 2.18 (m, 1 H, (CH3)2CH), 1.05

(d, J = 6.3 Hz, 3 H, (CH3)2CH), 0.88 (d, J = 6.3 Hz, 3 H,

(CH3)2CH) ppm. 13C-NMR (75 MHz, CDCl3) d 168.9,

149.8, 145.3, 138.9, 128.8, 128.5, 128.4, 128.3, 128.2,

127.0, 126.9, 124.3, 77.9, 65.2, 30.3, 28.2, 19.3 ppm. GC/

MS (EI) m/z (%) 271 (100), 186 (20), 167 (62), 122 (35).

Anal. calcd for C25H26N2O6S: C, 62.23; H, 5.43; N, 5.81;

O, 19.89; S, 6.64. Found: C, 62.15; H, 5.42; N, 5.79.

N-Methyl-N-nosyl-D-valine benzhydryl ester (4b)

Yellow solid, Mp 95–97�C. Rf = 0.50 (solvent system

A), 0.64 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 7.92 (d, J = 8.4 Hz, 2 H, o-NO2), 7.75 (d, J = 8.4 Hz,

2 H, m-NO2), 7.14–7.35 (m, 10 H, RCO2CH(C6H5)2),

6.67 (s, 1 H, RCO2CHPh2), 4.39 (d, J = 10.5 Hz, 1 H,

a-CH), 2.94 (s, 3 H, NCH3), 2.21 (m, 1 H, (CH3)2CH),

1.03 (d, J = 6.3 Hz, 3 H, (CH3)2CH), 0.85 (d, J = 6.3 Hz,

3 H, (CH3)2CH) ppm. 13C-NMR (75 MHz, CDCl3)

d 168.9, 149.8, 145.3, 138.9, 128.8, 128.5, 128.4, 128.3,

128.2, 127.0, 126.9, 124.3, 77.9, 65.2, 30.3, 28.2, 19.3

ppm. GC/MS (EI) m/z (%) 271 (100), 186 (20), 167 (62),

122 (35). Anal. calcd for C25H26N2O6S: C, 62.23; H, 5.43;

N, 5.81; O, 19.89; S, 6.64. Found: C, 62.41; H, 5.44; N,

5.79.

N-Methyl-N-nosyl-L-leucine benzhydryl ester (4c)

Yellow solid, Mp 93–95�C. Rf = 0.57 (solvent system A),

0.58 (solvent system B). 1H-NMR (300 MHz, CDCl3) d
7.95 (d, J = 9.0 Hz, 2 H, o-NO2), 7.75 (d, J = 9.0 Hz, 2

H, m-NO2), 7.18–7.38 (m, 10 H, RCO2CH(C6H5)2), 6.60

(s, 1 H, RCO2CHPh2), 4.84 (m, 1 H, a-CH), 2.90 (s, 3 H,

NCH3), 1.69–1.78 (m, 3 H, (CH3)2CHCH2 and

(CH3)2CHCH2), 1.03 (d, J = 6.0 Hz, 3 H, (CH3)2CHCH2),

0.99 (d, J = 6.0 Hz, 3 H, (CH3)2CHCH2) ppm. 13C-NMR

(75 MHz, CDCl3) d 169.8, 144.3, 139.1, 130.0, 128.6,

128.5, 126.7, 124.0, 78.0, 57.7, 38.2, 30.0, 24.5, 23.0,

21.0 ppm. GC/MS (EI) m/z (%) 285 (100), 186 (22), 167

(42), 122 (15). Anal. calcd for C26H28N2O6S: C, 62.89; H,

5.68; N, 5.64; O, 19.33; S, 6.46. Found: C, 63.01; H, 5.69;

N, 5.63.

N-Methyl-N-nosyl-S-benzyl-L-cysteine benzhydryl ester

(4d)

Amorphous yellow solid. Rf = 0.62 (solvent system A),

0.63 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 8.06 (d, J = 9.1 Hz, 2 H, o-NO2), 7.88 (d, J = 9.1 Hz,

2 H, m-NO2), 7.18–7.42 (m, 15 H, RCO2CH(C6H5)2 and

SCH2C6H5), 6.70 (s, 1 H, RCO2CHPh2), 4.90 (m, 1 H,

a-CH), 3.76–3.82 (m, 2 H, SCH2Ph), 2.98 (m, 1 H,

CH2SBzl), 2.81 (s, 3 H, NCH3), 2.65 (m, 1 H, CH2SBzl)

ppm. 13C-NMR (75 MHz, CDCl3) d 168.1, 149.8, 139.1,

138.9, 137.3, 128.5, 128.4, 128.3, 128.0, 126.7, 124.1,
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78.6, 58.6, 35.7, 30.2, 30.1 ppm. Anal. calcd for

C30H28N2O6S2: C, 62.48; H, 4.89; N, 4.86; O, 16.65; S,

11.12. Found: C, 62.22; H, 4.91; N, 4.84.

N-Methyl-N-nosyl-L-isoleucine benzhydryl ester (4e)

Yellow solid, Mp 100–102�C. Rf = 0.59 (solvent system

A), 0.70 (solvent system B). 1H-NMR (300 MHz, CDCl3)

d 7.88 (d, J = 9.0 Hz, 2 H, o-NO2), 7.75 (d, J = 9.0 Hz,

2 H, m-NO2), 7.20–7.42 (m, 10 H, RCO2CH(C6H5)2), 6.60

(s, 1 H, RCO2CHPh2), 4.47 (d, J = 12.3 Hz, 1 H, a-CH),

2.94 (s, 3 H, NCH3), 1.97 (m, 1 H, CH(CH3)CH2CH3), 1.62

(m, 1 H, CH(CH3)CH2CH3), 1.26 (m, 1 H, CH(CH3)

CH2CH3), 0.95 (t, J = 7.2 Hz, 3 H, CH(CH3)CH2CH3),

0.82 (d, J = 6.9 Hz, 3 H, CH(CH3)CH2CH3) ppm.
13C-NMR (75 MHz, CDCl3) d 169.0, 149.7, 144.3, 128.3,

128.2, 127.5, 127.0, 124.0, 77.8, 63.8, 34.2, 30.5, 25.3,

15.3, 10.4 ppm. GC/MS (EI) m/z (%) 285 (100), 229 (32),

186 (21), 167 (72). Anal. calcd for C26H28N2O6S: C, 62.89;

H, 5.68; N, 5.64; O, 19.33; S, 6.46. Found: C, 62.96;

H, 5.64; N, 5.67.

N-Methyl-N-nosyl-L-alanine benzhydryl ester (4f)

Yellow solid, Mp 102–105�C. Rf = 0.44 (solvent system

A), 0.57 (solvent system B). 1H-NMR (300 MHz,

CDCl3) d 8.02 (d, J = 9.3 Hz, 2 H, o-NO2), 7.80

(d, J = 9.3 Hz, 2 H, m-NO2), 7.10–7.42 (m, 10

H, RCO2CH(C6H5)2), 6.68 (s, 1 H, RCO2CHPh2), 4.93 (m,

1 H, a-CH), 2.85 (s, 3 H, NCH3), 1.52 (d, J = 7.2 Hz,

3 H, CH3) ppm. GC/MS (EI) m/z (%) 243 (100), 186

(26), 167 (64), 122 (20). Anal. calcd for C23H22N2O6S:

C, 60.78; H, 4.88; N, 6.16; O, 21.12; S, 7.06. Found: C,

60.95; H, 4.87; N, 6.17.

Synthesis of N-methyl-N-nosyl-a-amino acid 5a–f:

general procedure

To a solution of the N-methyl-N-nosyl-a-amino acid benz-

hydryl esters 4a–f (1 mmol) in dichloromethane (2 mL),

trifluoroacetic acid (5–7 mL) and toluene (2 mmol) were

added. The resulting mixture was stirred at room tempera-

ture for 1 h. After evaporation of the solvent under reduced

pressure, saturated aqueous Na2CO3 was added and the

aqueous solution was extracted with dichloromethane (39

20 mL). Aqueous 2 N HCl was then added and the acidified

solution was extracted with EtOAc (39 20 mL). The

combined organic extracts were dried over Na2SO4 and

evaporated under vacuum to afford the N-methyl-N-nosyl-

a-amino acid 5a–f in 94–98% overall yields. Spectroscopic

data of 5a–f matched those obtained for the same com-

pounds as reported elsewhere (Di Gioia et al. 2007).

N-Methyl-N-nosyl-L-valine (5a)

Yield 94%. Anal. calcd for C12H16N2O6S: C, 45.56; H,

5.10; N, 8.86; O, 30.35; S, 10.14. Found: C, 45.46; H, 5.11;

N, 8.85.

N-Methyl-N-nosyl-D-valine (5b)

Yield 94%. Anal. calcd for C12H16N2O6S: C, 45.56; H,

5.10; N, 8.86; O, 30.35; S, 10.14. Found: C, 45.62; H, 5.09;

N, 8.87.

N-Methyl-N-nosyl-L-leucine (5c)

Yield 94%. Anal. calcd for C13H18N2O6S: C, 47.26; H,

5.49; N, 8.48; O, 29.06; S, 9.71. Found: C, 47.34; H, 5.50;

N, 8.46.

N-Methyl-N-nosyl-S-benzyl-L-cysteine (5d)

Yield 95%. Anal. calcd for C17H18N2O6S2: C, 49.74; H,

4.42; N, 6.82; O, 23.39; S, 15.62. Found: C, 49.91; H, 4.41;

N, 6.83.

N-Methyl-N-nosyl-L-isoleucine (5e)

Yield 98%. Anal. calcd for C13H18N2O6S: C, 47.26; H,

5.49; N, 8.48; O, 29.06; S, 9.71. Found: C, 47.32; H, 5.50;

N, 8.47.

N-Methyl-N-nosyl-L-alanine (5f)

Yield 98%. Anal. calcd for C10H12N2O6S: C, 41.66; H,

4.20; N, 9.72; O, 33.30; S, 11.12. Found: C, 41.52; H, 4.20;

N, 9.73.

Removal of the nosyl group from N-methyl-N-nosyl-a-

amino acid benzhydryl esters 4a–f: synthesis

of 6a–f—general procedure

To a solution of 4a–f (1 mmol) in dry acetonitrile (10 mL),

mercaptoacetic acid (3 mmol) was added and the mixture

was maintained at 50�C. Sodium methoxide (7 mmol) was

then gradually added to the solution with a variable amount

of methanol to facilitate the sodium methoxide solubili-

zation. The resulting mixture was stirred for 40 min

monitoring the conversion of the precursors 4a–f by TLC

(EtOAc:hexane = 1:5) and GC/MS analyses. Aqueous 1 N

HCl was then added and the acidified solution (pH 2) was

extracted with EtOAc (39 10 mL). The aqueous phase was

basified with saturated aqueous Na2CO3 and then extracted
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with EtOAc (39 10 mL). The combined organic extracts

were dried over Na2SO4 and evaporated under vacuum to

afford the N-methyl-a-amino acid benzhydryl esters 6a–f

in 90–96% overall yields. Compounds 6a–f have been

characterized only by GC/MS and immediately subjected

to the next step.

N-Methyl-L-valine benzhydryl ester (6a)

Oil (96%). Rf = 0.55. GC/MS (EI) m/z (%) 167 (46), 86

(100).

N-Methyl-D-valine benzhydryl ester (6b)

Oil (96%). Rf = 0.55. GC/MS (EI) m/z (%) 167 (46), 86

(100).

N-Methyl-L-leucine benzhydryl ester (6c)

Oil (95%). Rf = 0.61. GC/MS (EI) m/z (%) 167 (42), 100

(100).

N-Methyl-S-benzyl-L-cysteine benzhydryl ester (6d)

Oil (92%). Rf = 0.46. MS (ESI-TOF) m/z calcd for

C24H26NO2S? 392.1684; found: 392.1697.

N-Methyl-L-isoleucine benzhydryl ester (6e)

Oil (95%). Rf = 0.63. GC/MS (EI) m/z (%) 167 (46), 86

(100).

N-Methyl-L-alanine benzhydryl ester (6f)

Oil (90%). Rf = 0.50. GC/MS (EI) m/z (%) 167 (64), 58

(100).

Synthesis of N-nosyl-dipeptides benzhydryl esters

8a–b: general procedure

The appropriate N-methyl-a-amino acid benzhydryl esters

6a–b (1 mmol) was suspended in an aqueous solution of

NaHCO3 (6 mL, pH 8). A solution of N-nosyl-D-alanine

chloride (1 mmol) in dichloromethane (6 mL) was added

gradually and the resulting mixture was stirred at room

temperature for 1 h monitoring the conversion of the pre-

cursors 6a–b by GC/MS analysis. After the reaction, the

organic layer was separated and the aqueous phase was

extracted with three additional portions of dichloromethane

(39 10 mL). The combined organic extracts were dried

over Na2SO4 and evaporated under vacuum to afford 8a–b

in 89–91% yields.

N-Nosyl-D-alanyl-N-methyl-L-valine benzhydryl ester (8a)

Amorphous yellow solid (89%). 1H-NMR (300 MHz,

CDCl3) d 8.28 (d, J = 9.2 Hz, 2 H, o-NO2), 8.12

(d, J = 9.3 Hz, 1 H, NH), 8.02 (d, J = 9.2 Hz, 2 H,

m-NO2), 7.22–7.39 (m, 10 H, RCO2CH(C6H5)2), 6.88

(s, 1 H, RCO2CHPh2), 4.85 (d, J = 10.8 Hz, 1 H, CHCH

(CH3)2), 4.32 (m, 1 H, CHCH3), 2.75 (s, 3 H, –NCH3), 2.13

(m, 1 H, CH(CH3)2), 1.2 (d, J = 6.9 Hz, 3 H, CH3), 0.87

(d, J = 6.9 Hz, 3 H, CH(CH3)2), 0.46 (d, J = 6.9 Hz, 3 H,

CH(CH3)2) ppm. Anal. calcd for C28H31N3O7S: C, 60.74;

H, 5.64; N, 7.59; O, 20.23; S, 5.79. Found: C, 60.68; H,

5.65; N, 7.58.

N-Nosyl-D-alanyl-N-methyl-D-valine benzhydryl ester (8b)

Amorphous yellow solid (91%). 1H-NMR (300 MHz,

CDCl3) d 8.14 (d, J = 9.2 Hz, 2 H, o-NO2), 8.02 (d,

J = 9.2 Hz, 2 H, m-NO2), 7.95 (d, J = 9.3 Hz, 1 H, NH),

7.20–7.42 (m, 10 H, RCO2CH(C6H5)2), 6.85 (s, 1 H,

RCO2CHPh2), 4.75 (d, J = 10.8 Hz, 1 H, CHCH(CH3)2),

4.30–4.40 (m, 1 H, CHCH3), 2.82 (s, 3 H, NCH3), 2.20 (m,

1 H, CH(CH3)2), 1.30 (d, J = 6.9 Hz, 3 H, –CH3), 0.87 (d,

J = 6.9 Hz, 3 H, CH(CH3)2), 0.72 (d, J = 6.9 Hz, 3 H,

CH(CH3)2) ppm. Anal. calcd for C28H31N3O7S: C, 60.74;

H, 5.64; N, 7.59; O, 20.23; S, 5.79. Found: C, 60.93; H,

5.62; N, 7.61.

Synthesis of N-nosyl-dipeptides 9a–b: general

procedure

To a solution of the N-nosyl-dipeptide benzhydryl esters

8a–b in dichloromethane (2 mL), trifluoroacetic acid (5–

7 mL) and toluene (2 mmol) were added. The resulting

mixture was stirred at room temperature for 1 h. After

evaporation of the solvent under reduced pressure, satu-

rated aqueous Na2CO3 was added and the aqueous solution

was extracted with dichloromethane (39 20 mL). Aqueous

2 N HCl was then added and the acidified solution was

extracted with EtOAc (39 20 mL). The combined organic

extracts were dried over Na2SO4 and evaporated under

vacuum to afford 9a–b in 98% overall yields.

N-Nosyl-D-alanyl-N-methyl-L-valine (9a)

Yield 89%. Yellow solid. Mp 107–111�C. 1H-NMR

(300 MHz, DMSO-d6) d 8.48 (d, J = 9.3 Hz, 1 H), 8.48

(d, J = 9.0 Hz, 2 H, o-NO2), 8.05 (d, J = 9.0 Hz, 2 H,

m-NO2), 4.33–4.42 (m, 1 H, CHCH(CH3)2), 3.88 (m, 1 H,

CHCH3), 2.96 (s, 3 H, NCH3), 2.02 (m, 1 H, CH(CH3)2),

1.14 (d, J = 7.4 Hz, 3 H, CH3), 0.88 (d, J = 7.0 Hz, 3 H,
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CH(CH3)2), 0.52 (d, J = 7.0 Hz, 3 H, CH(CH3)2) ppm.

Anal. calcd for C15H21N3O7S: C, 46.50; H, 5.46; N, 10.85;

O, 28.91; S, 8.28. Found: C, 46.48; H, 5.45; N, 10.87.

N-Nosyl-D-alanyl-N-methyl-D-valine (9b)

Yield 98%. Yellow solid. Mp 105–108�C. 1H-NMR

(300 MHz, DMSO-d6) d 8.53 (d, J = 9.3 Hz, 1 H, o-NO2),

8.48 (d, J = 9.0 Hz, 2 H, m-NO2), 8.05 (d, J = 9.0 Hz, 2

H, NH), 4.52 (d, J = 10.8 Hz, 1 H, CHCH(CH3)2), 3.88

(m, 1 H, CHCH3), 2.96 (s, 3 H, NCH3), 2.02 (m, 1 H, –CH

(CH3)2), 1.14 (d, J = 7.4 Hz, 3 H, CH3), 0.88 (d,

J = 7.0 Hz, 3 H, CH(CH3)2), 0.52 (d, J = 7.0 Hz, 3 H,

CH(CH3)2) ppm. Anal. calcd for C15H21N3O7S: C, 46.50;

H, 5.46; N, 10.85; O, 28.91; S, 8.28. Found: C, 46.49; H,

5.43; N, 10.89.

Synthesis of N-nosyl-N-methyl-dipeptides

10a–b: general procedure

A 0.66 M solution of diazomethane in dry dichloromethane

(8 mmol) was added cautiously dropwise to a suspension

of the dipeptides 9a–b (1 mmol) in dry dichloromethane

(10 mL). The resulting mixture was magnetically stirred at

room temperature under N2. Evaporation of the solvent

under reduced pressure afforded the N-methylated dipep-

tides 10a–b in quantitative yields.

N-Methyl-N-nosyl-D-alanyl-N-methyl-L-valine methyl ester

(10a)

Yield 98%. Yellow oil. GC/MS (EI) m/z (%) 243 (100),

229 (20), 186 (18), 122 (28), 56 (24). Anal. calcd for

C17H25N3O7S: C, 49.15; H, 6.07; N, 10.11; O, 26.96; S,

7.72. Found: C, 48.98; H, 6.08; N, 10.09.

N-Methyl-N-nosyl-D-alanyl-N-methyl-D-valine methyl ester

(10b)

Yield 98%. Yellow oil. GC/MS (EI) m/z (%) 243 (100),

229 (20), 186 (15), 122 (24), 56 (20). Anal. calcd for

C17H25N3O7S: C, 49.15; H, 6.07; N, 10.11; O, 26.96; S,

7.72. Found: C, 49.23; H, 6.06; N, 10.12.

Synthesis of N-Fmoc-N-methyl-a-amino acid

benzhydryl esters 11a–f: general procedure

The N-methyl-a-amino acid benzhydryl esters 6a–f

(1 mmol) were suspended in aqueous NaHCO3 (6 mL, pH

8). A solution of FmocCl (1 mmol) in dichloromethane

(6 mL) was added gradually and the resulting mixture was

stirred at room temperature for 1 h monitoring the

conversion of the precursors 6a–b by TLC (solvent system

A: EtOAc:hexane = 1:5; solvent system B: Et2O:petro-

leum ether = 1:1) and GC/MS analyses. After the reaction,

the dichloromethane layer was separated and the aqueous

phase was extracted with three additional portions of

dichloromethane (39 10 mL). The combined organic

extracts were dried over Na2SO4 and evaporated under

vacuum to afford the N-Fmoc-a-amino acid benzhydryl

esters 11a–f in 85–94% overall yields.

N-Fmoc-N-methyl-L-valine benzhydryl ester (11a)

Yield 92%. Amorphous white solid. Rf = 0.65 (solvent

system A), 0.81 (solvent system B). 1H-NMR (300 MHz,

CDCl3), 55:45 mixture of two rotamers A and B d 7.65–

7.90 (m, 8 H), 7.25–7.48 (m, 10 H, RCO2CH(C6H5)2), 6.99

(s, 1 H, A, RCO2CHPh2), 6.94 (s, 1 H, B, RCO2CHPh2),

4.76 (d, J = 10.3 Hz, 1 H, a-CH), 4.50–4.64 (m, 2 H), 4.29

(m, 1 H), 2.87 (s, 3 H, NCH3), 2.30 (m, 1 H, A, (CH3)2CH),

2.18 (m, 1 H, B, (CH3)2CH), 1.02 (d, J = 6.5 Hz, 3 H, A,

(CH3)2CH), 0.96 (d, J = 6.5 Hz, 3 H, B, (CH3)2CH), 0.90

(d, J = 6.5 Hz, 3 H, B, (CH3)2CH), 0.77 (d, J = 6.5 Hz, 3

H, A, (CH3)2CH) ppm. Anal. calcd for C34H33NO4: C,

78.59; H, 6.40; N, 2.70; O, 12.32. Found: C, 78.70; H, 6.41;

N, 2.69.

N-Fmoc-N-methyl-D-valine benzhydryl ester (11b)

Yield 92%. Amorphous white solid. Rf = 0.65 (solvent

system A), 0.81 (solvent system B). 1H-NMR (300 MHz,

CDCl3), 55:45 mixture of two rotamers A and B d 7.62–

7.88 (m, 8 H), 7.21–7.42 (m, 10 H, RCO2CH(C6H5)2), 7.00

(s, 1 H, A, RCO2CHPh2), 6.94 (s, 1 H, B, RCO2CHPh2),

4.80 (d, J = 10.3 Hz, 1 H, a-CH), 4.52–4.62 (m, 2 H), 4.30

(m, 1 H), 2.88 (s, 3 H, NCH3), 2.28 (m, 1 H, A, (CH3)2CH),

2.12 (m, 1 H, B, (CH3)2CH), 0.99 (d, J = 6.5 Hz, 3 H, A,

(CH3)2CH), 0.95 (d, J = 6.5 Hz, 3 H, B, (CH3)2CH), 0.89

(d, J = 6.5 Hz, 3 H, A, (CH3)2CH), 0.75 (d, J = 6.5 Hz, 3

H, B, (CH3)2CH) ppm. Anal. calcd for C34H33NO4:

C, 78.50; H, 6.40; N, 2.70; O, 12.32. Found: C, 78.59; H,

6.41; N, 2.79.

N-Fmoc-N-methyl-L-leucine benzhydryl ester (11c)

Yield 90%. Amorphous white solid. Rf = 0.67 (solvent

system A), 0.75 (solvent system B). 1H-NMR (300 MHz,

CDCl3), 55:45 mixture of two rotamers A and B d 8.20 (d,

J = 9.3 Hz, 2 H), 7.82–7.90 (m, 2 H), 7.59–7.68 (m, 4 H),

7.12–7.43 (m, 10 H, RCO2CH(C6H5)2), 6.76 (s, 1 H, A,

RCO2CHPh2), 6.61 (s, 1 H, B, RCO2CHPh2), 4.78–4.86

(m, 2 H, A ? B, a-CH), 4.22–4.65 (m, 3 H, Fmoc-CH and

Fmoc-CH2), 2.98 (s, 3 H, NCH3), 1.71–1.75 (m, 3 H,
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(CH3)2CHCH2 and (CH3)2CHCH2), 0.98–1.20 (m, 6 H,

A ? B, (CH3)2CHCH2) ppm. Anal. calcd for C35H35NO4:

C, 78.77; H, 6.61; N, 2.62.

N-Fmoc-N-methyl-S-benzyl-L-cysteine benzhydryl ester

(11d)

Yield 95%. Amorphous yellow solid. Rf = 0.74 (solvent

system A), 0.76 (solvent system B). 1H-NMR (300 MHz,

CDCl3), 55:45 mixture of two rotamers A and B d 7.92–

8.02 (m, 4 H, Fmoc-Ar), 7.50–7.60 (m, 2 H, Fmoc-Ar),

7.22–7.45 (m, 17 H, RCO2CH(C6H5)2 and SCH2C6H5 and

Fmoc-Ar), 6.82 (s, 1 H, A, RCO2CHPh2), 6.72 (s, 1 H, B,

RCO2CHPh2), 4.98 (m, 1 H, A, a-CH), 4.85 (m, 1 H, B, a-

CH), 4.10–4.52 (m, 3 H, Fmoc-CH and Fmoc-CH2), 3.64–

3.72 (m, 2 H, CH2SBzl), 3.08 (m, 1 H, B, CH2SBzl), 3.02

(m, 1 H, A, CH2SBzl), 2.86 (s, 3 H, A, NCH3), 2.81 (s, 3 H,

B, NCH3), 2.45–2.72 (m, 2 H, A ? B, CH2SBzl) ppm.

Anal. calcd for C39H35NO4S: C, 76.32; H, 5.75; N, 2.28; O,

10.43; S, 5.22. Found: C, 76.48; H, 5.73; N, 2.29.

N-Fmoc-N-methyl-L-isoleucine benzhydryl ester (11e)

Yield 94%. Amorphous white solid. Rf = 0.68 (solvent

system A), 0.76 (solvent system B). 1H-NMR (300 MHz,

CDCl3), 55:45 mixture of two rotamers A and B d 8.08

(d, J = 9.3 Hz, 2 H), 7.70–7.78 (m, 2 H), 7.52–7.60 (m,

4 H), 7.20–7.48 (m, 10 H, RCO2CH(C6H5)2), 6.84 (s,

1 H, A, RCO2CHPh2), 6.82 (s, 1 H, B, RCO2CHPh2), 4.75

(d, J = 12.3 Hz, 1 H, a-CH), 4.42–4.52 (m, 4 H, A ? B,

Fmoc-CH2), 4.15–4.30 (m, 1 H, Fmoc-CH), 2.78 (s, 3 H,

NCH3), 1.99 (m, 1 H, A, CH(CH3)CH2CH3), 1.92 (m, 1 H,

B, CH(CH3)CH2CH3), 1.38 (m, 1 H, A CH(CH3)CH2CH3),

1.24 (m, 1 H, B, CH(CH3)CH2CH3), 1.06 (m, 1 H, CH

(CH3)CH2CH3), 0.85–0.90 (m, 3 H, CH(CH3)CH2CH3),

0.73–0.79 (m, 3 H, CH(CH3)CH2CH3) ppm. Anal. calcd

for C35H35NO4: C, 78.77; H, 6.61; N, 2.62; O, 11.99.

Found: C, 78.57; H, 6.62; N, 2.61.

N-Fmoc-N-methyl-L-alanine benzhydryl ester (11f)

Yield 88%. Amorphous white solid. Rf = 0.57 (solvent

system A), 0.74 (solvent system B). 1H-NMR (300 MHz,

CDCl3), 60:40 mixture of two rotamers A and B d 7.96

(d, J = 9.3 Hz, 2 H), 7.64–7.71 (m, 2 H), 7.12–7.35 (m,

14 H, RCO2CH(C6H5)2 and Fmoc-Ar), 6.90 (s, 1 H, A,

RCO2CHPh2), 6.88 (s, 1 H, B, RCO2CHPh2), 4.95 (m, 1 H,

A, a-CH), 4.85 (m, 1 H, B, a-CH), 4.35–4.48 (m, 3 H,

Fmoc-CH and Fmoc-CH2), 2.88 (s, 3 H, B, NCH3), 2.82

(s, 3 H, A, NCH3), 1.38–1.41 (m, 3 H, CH3) ppm. Anal.

calcd for C33H31NO3: C, 80.95; H, 6.38; N, 2.86; O, 9.80.

Found: C, 81.13; H, 6.37; N, 2.84.

Synthesis of N-methyl-N-Fmoc-a-amino acid 12a–f:

general procedure

To a solution of the appropriate N-methyl-N-Fmoc-a-amino

acid benzhydryl esters 11a–f in dichloromethane (2 mL)

trifluoroacetic acid (5–7 mL) and toluene (2 mmol) were

added. The resulting mixture was stirred at room tempera-

ture for 1 h. After evaporation of the solvent under reduced

pressure, saturated aqueous Na2CO3 was added and the

aqueous solution was extracted with dichloromethane (39

20 mL). Aqueous 2 N HCl was then added and the acidified

solution was extracted with EtOAc (39 20 mL). The

combined organic extracts were dried over Na2SO4 and

evaporated under vacuum to afford the N-methyl-N-Fmoc-

a-amino acid 12a–f in 94–98% overall yields. Spectro-

scopic data of 12a–f matched those obtained for the same

compounds as reported elsewhere (Di Gioia et al. 2007).

N-Fmoc-N-methyl-L-valine (12a)

Yield 96%. Anal. calcd for C21H23NO4: C, 71.37; H, 6.56;

N, 3.96; O, 18.11. Found: C, 71.40, H, 6.58, N, 3.98.

N-Fmoc-N-methyl-D-valine (12b)

Yield 96%. Anal. calcd for C21H23NO4: C, 71.37; H, 6.56;

N, 3.96; O, 18.11. Found: C, 71.12; H, 6.57; N, 3.97.

N-Fmoc-N-methyl-L-leucine (12c)

Yield 98%. Anal. calcd for C22H25NO4: C, 71.91; H, 6.86;

N, 3.81; O, 17.42. Found: C, 71.72; H, 6.87; N, 3.79.

N-Fmoc-N-methyl-S-benzyl-L-cysteine (12d)

Yield 94%. Anal. calcd for C26H25NO4S: C, 69.78; H, 5.63;

N, 3.13; O, 14.30; S, 7.16. Found: C, 69.59; H, 5.64; N, 3.11.

N-Fmoc-N-methyl-L-isoleucine (12e)

Yield 98%. Anal. calcd for C22H25NO4: C, 71.91; H, 6.86;

N, 3.81; O, 17.42. Found: C, 71.66; H, 6.88; N, 3.80.

N-Fmoc-N-methyl-L-alanine (12f)

Yield 96%. Anal. calcd for C19H19NO4: C, 70.14; H, 5.89;

N, 4.31; O, 19.67. Found: C, 70.39; H, 5.86; N, 4.30.

Results and discussion

N-Fmoc-N-methyl amino acids can be prepared by a well-

established procedure (Freidinger et al. 1983) based on the
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formation of 5-oxazolidinone intermediates which are

successively reduced with triethylsilane and trifluoroacetic

acid to the corresponding N-methylated derivatives. Other

methods already reported consist of the Lewis acid

catalyzed reduction of N-Fmoc-protected amino acid

oxazolidinones (Zhang et al. 2005) and the base mediated

alkylation of N-sulfonyl- and N-carbamoyl-protected

amino acids (Aurelio et al. 2004). The aim of this work is

the development of a novel and very efficient methodology

to prepare N-nosyl- and N-Fmoc-protected N-methylated

amino acids using diazomethane as methylating reagent. It

is clear that for achieving this goal the a-amino acid car-

boxyl function needs a preliminary protection with a

transient and easily removable blocking group. It seemed to

be particularly advantageous to protect the carboxyl moiety

as diphenylmethyl (benzhydryl) ester (Aboderin et al.

1965; Stelakatos et al. 1966; Barlos et al. 1987; Wuts and

Greene 2007). In fact, the benzhydryl derivatives are ready

cleaved by hydrogenolysis (De Bernardo et al. 1985) or

acidolysis (Torii et al. 1991; Lowe and Vilaivan 1997)

under conditions that usually do not affect the peptide

skeleton. Moreover, these compounds can be prepared

without difficulty by using diphenyldiazomethane upon

neutral conditions (Kwang-Youn and Ji-Yeon 1999).

Diphenyldiazomethane, a red crystalline solid, is obtained

easily by the oxidation of benzophenone hydrazone with

MagtrieveTM under mild and non-toxic reaction conditions

(Lee and Donald 1997). Lipophilic a-amino acids were

chosen as model systems in order to accurately study the

synthetic strategy for the obtainment of the N-nosyl- and N-

Fmoc-protected N-methylated amino acids. Subsequently

the methodology was also extended to the N-nosyl-S-ben-

zyl-L-cysteine. The N-nosyl-a-amino acid benzhydryl

esters 3a–f were prepared in quantitative yields by treating

the corresponding N-nosyl-a-amino acids 1a–f (Di Gioia

et al. 2005) with diphenyldiazomethane 2 (Fig. 1; Table 1).

The reaction of 3a–f with diazomethane gave the corre-

sponding N-methyl-N-nosyl-a-amino acid benzhydryl

esters 4a–f that were recovered in quantitative yields and

high purity by evaporation of the solvent under reduced

pressure. The reaction of diphenyldiazomethane with the a-

amino acid carboxyl function is fast and during the reaction

is possible to visually observe a rapid decoloration of the

reaction mixture.

The N-methylated benzhydryl esters 4a–f are the key

precursors of both N-methyl-N-nosyl-amino acids and N-

methyl-N-Fmoc-amino acids. The treatment of 4a–f with

70% trifluoroacetic acid in dichloromethane afforded the

corresponding N-methylated amino acids 5a–f in high

yields (94–98%) (Fig. 1; Table 1).

An alternative reaction path was developed to obtain

from the N-methylated benzhydryl esters 4a–f, the corre-

sponding N-methyl-N-Fmoc-amino acids. This approach

involved the formation, as synthetic intermediates, of the

N-methyl amino acid benzhydryl esters 6a–f (Fig. 1).

Compounds 6a–f were isolated and characterized by mass

spectrometry methodologies and immediately used for the

subsequent transformations in order to avoid side reactions

at the amino function.

The stereochemical integrity of the N-methylated prod-

ucts 6a–f was investigated by converting 6a–b into the

corresponding diastereomeric dipeptides 8a–b. The

dipeptides 8a–b were easily synthesized by coupling 6a–b

with N-nosyl-D-alanine chloride 7 under Schotten–Bau-

mann reaction conditions (Di Gioia et al. 2005) (Fig. 2).

The products 8a–b were recovered in good overall yield

(respectively, 89 and 91%) and isolated in high purity

grade, without the need for chromatographic purification.
1H-NMR spectra of 8a and 8b were different for some
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Fig. 1 N-Methyl-N-nosyl-a-amino acid (5a–f) and N-methyl-a-

amino acid benzhydryl esters (6a–f)

Table 1 Results of the synthesis of 5a–f and 6a–f

Entry R1 R2 5 (yield %)a 6 (yield %)a

a –CH(CH3)2 –H 94 96

b –H –CH(CH3)2 94 96

c –CH2CH(CH3)2 –H 94 95

d –CH2S(Bzl) –H 95 92

e –CH(CH3)CH2CH3 –H 98 95

f –CH3 –H 98 90

a Isolated yield
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signals and showed the presence of a single diastereomer in

both samples. The presence of only one diastereoisomeric

dipeptide in both crude products distinctly proved that the

stereochemistry of the chiral centers is retained throughout

the methylation process and the subsequent deprotection of

the amino function.

Furthermore, in order to exclude any detectable race-

mization process the dipeptides 8a and 8b were also

analyzed by GC/MS, after conversion into the corre-

sponding more volatile methylated dipeptides 10a–b

(Fig. 2). GC/MS analysis performed on an appropriately

prepared mixture containing 28 mg of the crude dipeptide

10a and 70 mg of the crude dipeptide 10b was compared

with those obtained from the single products 10a and 10b

(Fig. 3).

GC/MS analyses of the single products 10a and 10b

showed the presence of only one diastereomer in both

samples while the two diastereomeric dipeptides 10a and

10b appeared readily resolved in the GC/MS analysis of

the mixture (Fig. 3). Hence every step of the adopted

procedure, the N-methylation of the N-nosyl-a-amino acid

benzhydryl esters up to the deprotection of the amino

function does not cause any loss of the chiral integrity of

the asymmetric a-carbon atoms of the precursors.

The main goal was to achieve the obtainment of N-

Fmoc-N-methyl-a-amino acids to employ directly as

building blocks for the construction of peptide chains based

on Fmoc strategy. To this purpose, the synthetic interme-

diates 6a–f, obtained from 4a–f by deprotection of the

amino function with the reagent system mercaptoacetic

acid/sodium methoxide, were treated with Fmoc-chloride

in aqueous 9% NaHCO3 and dichloromethane (Fig. 4).

After complete conversion of the starting reactants, the

work-up of the reaction mixture allowed the recovery of

the corresponding N-methyl-N-Fmoc-amino acid benzhy-

dryl esters 11a–f in high overall yields (88–95%) and with

high purity grade (Table 2). The subsequent deprotection

of the carboxyl function of 11a–f by acidolysis with 70%

trifluoroacetic acid in dichloromethane afforded the cor-

responding N-methyl-N-Fmoc-amino acids 12a–f in

excellent yields (94–98%) (Fig. 4; Table 2). The obtained

results demonstrate that the synthesis of N-methylated

N-Fmoc- and N-nosyl-protected a-amino acids occurs in

a simple way and in high yields.

The method studied here allows for an easy insertion of

the Fmoc protecting group at the end of the entire proce-

dure. The inconvenience related to the possible removal of

the urethane masking group during the methylation step

involved in the base mediated N-alkylation methods can be

now avoided using the nosyl protecting group which is

very stable under acidic and basic environments. Nosyl

group represents a valuable improvement for obtaining N-

Fmoc-N-methylated amino acids with respect to the pre-

viously appeared works where only N-protecting group not

sensible to basic conditions were used. Moreover, since

diazomethane in our method works under mild and neutral

conditions, all the N-methylation reactions proceed without

racemization. An additional advantage of the method

consists in the possibility to work with products that, when

protected on the amino function with the nosyl group, are

easily analyzed by GC/MS. The fully protected compounds

4a–f represent the real key intermediates of the developed

procedure. They are obtained through the use of a couple of

diazoalkanes that react in a rapid, clean and quantitative

way at room temperature, and no by-products are observed.

Furthermore, 4a–f can be recovered by a mere evaporation

of the reaction solvent without need for chromatography.

An additional advantage is the possibility to use highly

concentrated diazomethane solutions making the procedure

suitable also for gram scale preparation. The N-methylated

intermediates 4a–f can also be converted at room temper-

ature into the corresponding N-nosyl-a-amino acids in

almost quantitative yields. The rapid kinetics of the

changing of the amino protecting group and the deprotec-

tion of carboxyl function of 4a–f ensure the recovery of the

final N-Fmoc-N-methylated amino acids in extraordinary
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high total yields. The methodology here presented allows

the straightforward synthesis of the desired N-methylated

compounds with very short reaction times if compared with

the Freidinger’s method where a minimum of 22 h is

required for the oxazolidinone reduction to afford the

corresponding N-Fmoc-N-methylated derivatives. The

process based on the use of diazoalkanes also utilizes

reagents less expensive than those employed in the Frei-

dinger’s method and offers a smart route for the synthesis

of Fmoc-protected N-methyl amino acids, avoiding any

detectable racemization of the amino acid chiral centers

during all the synthetic steps.

Fig. 3 CG/MS analyses of N-nosyl dipeptides: a N-methyl-N-nosyl-D-alanyl-N-methyl-L-valine methyl ester (10a) (r.t. 21.21 min); b N-methyl-

N-nosyl-D-alanyl-N-methyl-D-valine methyl ester (10b) (r.t. 20.88 min); c a mixture of 10a and 10b
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Conclusions

In conclusion we have disclosed herein an experimentally

simple and convenient methodology for the preparation of

N-nosyl- and N-Fmoc-N-methyl-a-amino acids. The use of

diazoalkanes plays a pivotal role in the procedure. The

starting materials are N-nosyl-a-amino acids protected on

the carboxyl function as benzhydryl esters. The benzhydryl

group represents an useful carboxyl protecting group by its

easy introduction, stability to ongoing methylation reac-

tion, and selective removal under mild conditions. The

N-methylation with diazomethane of N-nosyl-a-amino acid

benzhydryl esters provides the key structural precursors of

both N-nosyl- and N-Fmoc-N-methylated a-amino acids. In

fact, the selective and alternative deprotection of the amino

and carboxyl function of N-methyl-N-nosyl-a-amino acid

benzhydryl esters allows to obtain using different reaction

paths, the expected N-methylated amino acids N-nosyl and

N-Fmoc protected with high yields and purities with no

need for chromatography. In light of these argumentations

we can conclude that the presented method could be

considered as an improvement of the state-of-the-art

methodology for the preparation of the title compounds.
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Schröder E, Lübke K (1965) The peptides. Methods of peptide

synthesis, vol 1. Academic Press, New York

Stelakatos GC, Paganou A, Zervas L (1966) New methods in peptide

synthesis. Part III. Protection of carboxyl group. J Chem Soc

C:1191–1199. doi:10.1039/j39660001191

Torii S, Tanaka H, Taniguchi M, Kameyama Y, Sasaoka M, Shiroi T,

Kikuki R, Kawahara I, Shimabayashi A, Nagao S (1991)

Deprotection of carboxylic esters of b-lactam homologs. Cleav-

age of p-methoxybenzyl, diphenylmethyl, and tert-butyl esters

effected by a phenolic matrix. J Org Chem 56:3633–3637.

doi:10.1021/jo00011a034

Zhang S, Govender T, Norström T, Arvidsson PI (2005) An improved

synthesis of Fmoc-N-methyl-a-amino acids. J Org Chem

70:6918–6920. doi:10.1021/jo050916u

Wuts PGM, Greene TW (2007) Greene’s protective groups in organic

synthesis, 4th edn. Wiley, Hoboken

Table 2 Results of the synthesis of 11a–f and 12a–f

Entry R1 R2 11
(yield %)a

12
(yield %)a

a –CH(CH3)2 –H 92 96

b –H –CH(CH3)2 92 96

c –CH2CH(CH3)2 –H 90 98

d –CH2S(Bzl) –H 95 94

e –CH(CH3)CH2CH3 –H 94 98

f –CH3 –H 88 96

a Isolated yield

Preparation of N-Fmoc-N-methyl-a-amino acids and N-nosyl-N-methyl-a-amino acids 143

123

http://dx.doi.org/10.1021/ja00951a039
http://dx.doi.org/10.1021/cr030024z
http://dx.doi.org/10.1002/jlac.198719870711
http://dx.doi.org/10.1021/jo050477z
http://dx.doi.org/10.1002/psc.711
http://dx.doi.org/10.1139/v77-127
http://dx.doi.org/10.1021/jo00219a008
http://dx.doi.org/10.1021/jo034233v
http://dx.doi.org/10.1021/jo0478959
http://dx.doi.org/10.1021/jo00149a016
http://dx.doi.org/10.1016/S0040-4039(97)00771-5
http://dx.doi.org/10.1039/a603699f
http://dx.doi.org/10.1139/v73-385
http://dx.doi.org/10.1139/v73-385
http://dx.doi.org/10.1021/ja9635443
http://dx.doi.org/10.1021/ja974252k
http://dx.doi.org/10.1039/j39660001191
http://dx.doi.org/10.1021/jo00011a034
http://dx.doi.org/10.1021/jo050916u

	A preparation of N-Fmoc-N-methyl-&agr;-amino acids �and N-nosyl-N-methyl-&agr;-amino acids
	Abstract
	Introduction
	Materials and methods
	Preparation of diphenyldiazomethane (2)
	N-Nosyl-&agr;-amino acid benzhydryl esters 3a-f: �general procedure
	N-Nosyl-l-valine benzhydryl ester (3a)
	N-Nosyl-d-valine benzhydryl ester (3b)
	N-Nosyl-l-leucine benzhydryl ester (3c)
	N-Nosyl-S-benzyl-l-cysteine benzhydryl ester (3d)
	N-Nosyl-l-isoleucine benzhydryl ester (3e)
	N-Nosyl-l-alanine benzhydryl ester (3f)

	N-Methyl-N-nosyl-&agr;-amino acid benzhydryl esters �4a-f: general procedure
	N-Methyl-N-nosyl-l-valine benzhydryl ester (4a)
	N-Methyl-N-nosyl-d-valine benzhydryl ester (4b)
	N-Methyl-N-nosyl-l-leucine benzhydryl ester (4c)
	N-Methyl-N-nosyl-S-benzyl-l-cysteine benzhydryl ester (4d)
	N-Methyl-N-nosyl-l-isoleucine benzhydryl ester (4e)
	N-Methyl-N-nosyl-l-alanine benzhydryl ester (4f)

	Synthesis of N-methyl-N-nosyl-&agr;-amino acid 5a-f: general procedure
	N-Methyl-N-nosyl-l-valine (5a)
	N-Methyl-N-nosyl-d-valine (5b)
	N-Methyl-N-nosyl-l-leucine (5c)
	N-Methyl-N-nosyl-S-benzyl-l-cysteine (5d)
	N-Methyl-N-nosyl-l-isoleucine (5e)
	N-Methyl-N-nosyl-l-alanine (5f)

	Removal of the nosyl group from N-methyl-N-nosyl-&agr;-amino acid benzhydryl esters 4a-f: synthesis �of 6a-f?general procedure
	N-Methyl-l-valine benzhydryl ester (6a)
	N-Methyl-d-valine benzhydryl ester (6b)
	N-Methyl-l-leucine benzhydryl ester (6c)
	N-Methyl-S-benzyl-l-cysteine benzhydryl ester (6d)
	N-Methyl-l-isoleucine benzhydryl ester (6e)
	N-Methyl-l-alanine benzhydryl ester (6f)

	Synthesis of N-nosyl-dipeptides benzhydryl esters �8a-b: general procedure
	N-Nosyl-d-alanyl-N-methyl-l-valine benzhydryl ester (8a)
	N-Nosyl-d-alanyl-N-methyl-d-valine benzhydryl ester (8b)

	Synthesis of N-nosyl-dipeptides 9a-b: general procedure
	N-Nosyl-d-alanyl-N-methyl-l-valine (9a)
	N-Nosyl-d-alanyl-N-methyl-d-valine (9b)

	Synthesis of N-nosyl-N-methyl-dipeptides�10a-b: general procedure
	N-Methyl-N-nosyl-d-alanyl-N-methyl-l-valine methyl ester (10a)
	N-Methyl-N-nosyl-d-alanyl-N-methyl-d-valine methyl ester (10b)

	Synthesis of N-Fmoc-N-methyl-&agr;-amino acid benzhydryl esters 11a-f: general procedure
	N-Fmoc-N-methyl-l-valine benzhydryl ester (11a)
	N-Fmoc-N-methyl-d-valine benzhydryl ester (11b)
	N-Fmoc-N-methyl-l-leucine benzhydryl ester (11c)
	N-Fmoc-N-methyl-S-benzyl-l-cysteine benzhydryl ester (11d)
	N-Fmoc-N-methyl-l-isoleucine benzhydryl ester (11e)
	N-Fmoc-N-methyl-l-alanine benzhydryl ester (11f)

	Synthesis of N-methyl-N-Fmoc-&agr;-amino acid 12a-f: general procedure
	N-Fmoc-N-methyl-l-valine (12a)
	N-Fmoc-N-methyl-d-valine (12b)
	N-Fmoc-N-methyl-l-leucine (12c)
	N-Fmoc-N-methyl-S-benzyl-l-cysteine (12d)
	N-Fmoc-N-methyl-l-isoleucine (12e)
	N-Fmoc-N-methyl-l-alanine (12f)


	Results and discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


